We examine the relationship between the Irish, German, UK and US equity markets. Our main finding is that the Irish equity market depends heavily on trading activity in the other markets but not vice versa. Significant return and volatility spillover effects occur in the direction of, but not from the Irish market. We also find that dual listing in the form of ADRs has an important role to play in these spillover effects. Our findings obtain throughout the sample, but are strongest for the period after the ERM crises and before the introduction of the euro. JEL classification: G1; G10.
Introduction
Ireland is recognized as a small open economy with a heavy reliance on external trade that has been increasing over time (EUROSTAT, 2000) . The nature of Ireland's capital flows is less clear, however, and this paper addresses this subject by describing the bivariate interactions between the Irish equity market and the markets in Germany, the UK and the US. Traditional strong interactions between the Irish and the UK markets for economic and political purposes may have been superseded by new relationships with the Eurozone-dominated German markets and the globally dominant US market.
The literature provides some insights into the areas of investigation. Capital markets in general have been characterised by increased integration (Claessen and Forbes, 2001 ).
1 Within this, the extent and speed of these interactions have also increased.
Harmonisation of regulatory and market structures, and the removal of capital control barriers are driving forces in these increased market interactions. Market linkages are decomposed into short and long run components with strong support for the former and weaker evidence on the latter (Malliaris and Urrutia, 1992) . These interactions have incorporated both return and volatility linkages in a time-varying fashion (Bae and Karolyi, 1994; King et al., 1995) . Dual listing equities also have an important influence on the time varying interactions (Karolyi, 2002) .
The Irish equity market is small by international standards, with the majority of companies thinly traded and dominated in size by a few organizations. These latter equities have a dual listing with the American Depositary Receipts (ADR)
programme being a popular mechanism. Accounting for these features, this paper examines market interactions during the 1990s by focusing on four issues: first, the long run relationship between the markets; second, the dynamic relationship between them; third, the return and volatility transmission process between them; and fourth, the impact of dual listing with ADRs on the return and volatility linkages. We also break the full sample into a number of separate sub-periods to discern whether our findings change as a result of key political and economic events.
The paper proceeds as follows. In the next section, a discussion of related studies that model the Irish market is presented, coupled with an outline of the methodological framework. Section 3 describes the data and some preliminary findings. The main empirical results are discussed in section 4. Finally a summary and conclusions are given in section 5.
Prior related studies and methodological framework
From a vast literature that examines the relationship between international equity markets, a number have specifically modelled the Irish market. Hardouvelis et al (1999) examine the development of the euro and its impact on equity market integration from a European-wide context using weekly price data. In a timevarying process, each county's returns are linked to an EU benchmark index and currency returns, and they use the BEKK (1990) model to detail volatility spillovers.
They find that the development of EMU led to increased integration due to a reduction in restrictions related to the currency composition of investors' portfolios.
Integration increases with the likelihood of the country joining EMU and the closer the launch date of the euro. In contrast to this, Aggarwal, Lucey and Muckley (2003) use cointegration methods on daily European returns for 11 European markets. They provide a dynamic multivariate approach with a Kalman filter to determine whether markets are converging. They find a long run relationship between all markets that increased over the 1990s driven by the EMU project, and a convergence in returns towards London and Frankfurt that is more rapid for the latter market.
While this study's emphasis is on examining the trading relationships for the Irish equity market in a bivariate setting, there is some previous evidence addressing this subject explicitly. Gallagher (1995) examines interdependence between the Irish, UK and German markets at weekly intervals using Granger causality tests. This study finds that while increased short run linkages occur, no long run cointegrating relationship exists between the markets. Granger causality occurred from the UK and German markets to Ireland but not in reverse. However, using a nonoverlapping timeframe, Kearney (1998) finds that a long run relationship does in fact exist between the Dublin and London markets using monthly observations. He examines the causes of volatility in Ireland with a univariate GARCH approach incorporating macroeconomic explanatory variables. He finds that volatility in the Irish equity market is impacted most by FTSE and exchange rate volatility. Using a bivariate GARCH specification Gallagher and Twomey (1998) examine return and volatility spillovers from the FTSE100 index and specific UK sector indexes to the 10 largest Dublin traded equities. They find weak evidence of return linkages from the UK, with stronger volatility effects from both industry specific and market indexes.
Our study examines the bivariate linkages between the Irish equity market and its main partners, and it deviates from previous studies in our modelling approaches, in our data, and in the hypotheses that we test. We use impulse response analysis to determine the speed of, and the variance decomposition to measure the magnitude of these interactions. Using a bivariate GARCH specification, the impact of the US, the largest world equity market, is investigated. We then examine the influence of dual trading by examining return and volatility spillovers of Irish ADR's. These relationships are analysed during the 1990s, which incorporates a period before, during and after the EMS crises.
Equity market relationships can be examined using the following framework in prices:
Here, ISEQ is the Irish stock market index, f is the foreign index (FTSE, DAX30, and S&P500), and this notation can be extended to apply to returns and higher moments.
A number of key issues arise here. First, what is the long run relationship between the Irish equity market and other markets? To address this, cross-correlations provide an average estimate of the linkage of markets for any time period. The long run relationship between the markets is examined using the cointegration techniques of Engle and Granger (1987) and Johansen and Juselius (1990) . Following Engle and
Granger an error correction model is estimated for the ISEQ:
In (2), i = 1 … n, and the error correction model shows the long run dynamics of the adjustment process between two national market indices. Johansen and Juselius (1990) extend Engle and Granger's cointegration to a multivariate framework using a VAR. Following Johansen and Juselius (1990), the following is estimated:
The parameter matrix, , indicates whether the vector of stock prices has a long run relationship or not. The rank of equals the number of independent cointegrating vectors. The procedures adopted provide information on any deviations of the long run relationships for equity markets.
The second issue we focus on concerns the dynamic relationship between the Irish equity market and other markets. Using the VAR in (3), we examine innovation accounting using forecast variance decomposition and impulse response analysis.
Following Eun and Shim (1989) , this divides the dynamic relationship into two concerns. The variance decomposition uses the VAR's forecast error to determine the extent to which movements in one market can be explained by a shock in another. Impulse responses then determine the speed in which price movements are transmitted between markets. In estimating the VAR system, the dynamic responses of each national stock index to innovations in a particular market using simulated responses can be traced out. In addition, the innovation accounting technique allows us to measure the relative importance of a market in generating unexpected variations of returns in another market, and thus establishes a causal ordering among the national stock markets. The findings of the VAR analysis are thus expected to shed light on the interdependence structure of national stock markets, in general, and on the international transmission of stock market movements, in particular. There are restrictions placed on the dual listed company, however, including necessary sponsorship of a US bank and meeting the trading and financial requirements as specified in the sponsoring programme.
Using a case study approach for dual listing on the US and Irish markets, we determine whether the return and volatility linkages carry through to individually quoted equities. The methodology remains unchanged in the analysis of pair-wise linkages where a VAR provides a description of the return spillover effects, and a bivariate GARCH (1, 1) model is fitted to determine the volatility spillover effects in terms of magnitude and causality. Overall a profile of return and volatility spillover effects is provided based on trading location detailing the role that ADRs provide in this process.
Data considerations
We use daily closing price data from Datastream over an 11-year period from The dataset is divided into three time periods to capture the effects of changing financial and economic integration between Ireland and the other markets over time.
These sub-periods are based on key economic and political events that have occurred and are as follows:
• Sub-period 1 runs from 1 January 1990 to 31 July 1993 involving the period leading upto and including the ERM crises,
• Sub-period 2 runs from 3 August 1993 to 31 December 1998 involving the period post ERM crises and pre Euro, and • Sub-period 3 runs from 1 January 1999 to 29 December 2000 involving the introduction of the Euro.
Some preliminary statistics are reported in Table 1 . Positive daily returns averaged approximately 1 percent over the full period for the ISEQ with volatility of 0.5 percent. Turning to the sub-periods, volatility has increased as the decade progressed associated with a very strong equity market performance during the mid 1990's. There is evidence of excess skewness and kurtosis relative to the normal distribution. Cross-correlations provide a preliminary indicator of equity integration, with positive correlation exhibited for the full period of analysis. The markets are most closely linked with US equities, although this is weakest for the ISEQ, which has relatively strong links (and of equal magnitude) with the UK and German markets. This correlation structure changes over time with increased linkage from sub-period 1 to 2 reversing in sub-period 3.
Insert Table 1 about here

Empirical findings
The first key question to be addressed concerns the nature of the long run relationship between the Irish equity market and other markets. Several interesting findings emerge and these are given in Table 2 . At a common significance levels there is a cointegrating relationship between the ISEQ and FTSE but not with the other markets. This drives the long run relationship that exists for the 4 markets together. Variations occur across the sub-periods with evidence supporting increased integration between 1993 and 1999 that surprisingly decreased since 1999.
Possible explanations include increased integration associated with bull markets, and contagion effects from the fallout of the ERM and Asian crises with the reduction caused by noise inducement from using daily data.
Insert Table 2 about here
For the cointegration analysis, stationarity is first verified with estimates in Table 2 .
The results are consistent across markets and support previous studies. The hypothesis that each index contains a unit root is not rejected, the markets are integrated of order 1, I(1). 4 No qualitative deviations occur across the sub-periods.
Augmented Dickey-Fuller test statistics provide weak support for no cointegration.
Given this weak support for a long run relationship for the country pairs and the conflicting past evidence in the literature, the Johansen and Juselius procedure is applied in the bivariate setting. There is general support for the bivariate cointegrating regression results with a lack of cointegrating relationships between the ISEQ and other markets for the full period, although a long run relationship is not rejected for the ISEQ and FTSE at 10% significance levels. However, a long run bivariate relationship is documented for sub-period 2 suggesting that the findings might be dependent on time periods chosen. This lack of consistency over the full period suggests that the contradictory bivariate findings of Gallagher (1995) and Kearney (1998) may be explained by the respective timeframes chosen.
This brings us to our second issue about the dynamic relationship between the Irish equity market and the other markets. The dynamic relationship is broken into two areas of investigation. First, variance decomposition is examined with results presented in Table 3 indicating that the Irish market is not exogenous. Thus a substantial amount of the ISEQ's variance is a result of activity in other markets.
The breakdown of influence indicates that the US is the most important player in the ISEQ's variance decomposition followed by the UK. This is not surprising.
Movements in the ISEQ index have negligible influence on those of other markets again supporting evidence of a casual effect for, and not by, the Irish market.
Insert Table 3 about here
Turning to the impulse response estimates, Table 4 provides normalised responses for the ISEQ index for a typical shock to and from the Irish market. These responses represent unit shocks measured in standard deviations. As can be seen from the results, innovations in the international equity markets are rapidly transmitted to the ISEQ. For instance, the response to a US shock on day 0 is 5.92. As expected, the response to a US shock also lags by 1 day and is even stronger with an estimate of 10.31. Shocks in the other markets also impact the ISEQ rapidly with the UK having the largest influence. In contrast, unit shocks in the ISEQ have little influence over the other markets. In general, the speed of transmission is quick with impulse response estimates reducing dramatically from day 2 onwards. These results suggest that the ISEQ becomes informationally efficient rapidly regardless of which market it is responding to. We now focus on the third issue.
Insert Table 4 
about here
We now consider the third question about the return and volatility linkages between the Irish equity market and other markets. To examine this issue a VAR(1)-GARCH(1, 1) model is applied and estimates are presented in Table 5 . The model is well specified according to the Ljung-Box statistics and suggests the dependence in the returns and especially squared returns is much reduced for the residual series.
The VAR examines the direction and magnitude of the return linkages. The BEKK specification determines the causality and extent of volatility linkages. Note that the return interactions suggest that the spillover effects are in general positive, 5 with significant spillover effects to, but not from, the ISEQ index. As expected, the mean spillover effects are dominated by causality in the direction of the Irish equity market. The UK and US markets dominate and have a similar impact on the ISEQ although statistically the latter has slightly stronger effects.
Insert table 5 about here
Considering the second moment, the main diagonal elements of the variance covariance matrix are typical of a GARCH process with autoregressive and time dependent volatility effects reported for each index. The volatility spillover effects provides similar conclusions to the return interactions. As with the mean, the off diagonal of the covariance matrix identifies volatility spillover effects in the direction of, but not from, the Irish equity market. The US market has the biggest impact in terms of past squared innovations, while the German market has the largest impact for spillover of past conditional variances. Time variation in the covariance relationship for the ISEQ and the other indexes is given in Figure 1 .
Insert Figure 1 about here
Considering the sub-periods gives an indication of how the market interactions have changed during the 1990's. The VAR(1)-GARCH(1, 1) results are presented in Tables 6-8 for all three sub-periods. The findings reinforce the full-period results with some notable variations. Beginning with similarities, mean spillovers are unidirectional to, and not from, the ISEQ index, with the US market being dominant.
For all markets, the returns linkage is strongest for sub-period 2 and of reasonably similar magnitude during the other sub-periods. Also, autoregressive and time dependent volatility is generally documented for each index across the sub-periods.
The variations in the sub-period results are interesting. In sub-period 1, weak volatility spillover effects are recorded along with negligible spillover effects in terms of past squared innovations, except for the FTSE. In sub-period 2, the movement towards the introduction of the euro impacts on increased integration between the Irish and German markets. Analysis of the final sub-period supports this view with the strongest volatility spillover effects to Ireland coming from the German market.
Insert Tables 6 -8 about here
We now use a case study of dual listed companies to examine the fourth issue about whether ADRs impact on the return and volatility linkages for the Irish equity market. As described earlier, dual listing via ADRs is popular for allowing Irish equities trade in the US. A few companies dominate trading on the Dublin market, and three of these are chosen for analysis. 6 A VAR(1)-GARCH(1, 1) model is estimated for AIB, Elan and Jefferson Smurfit with findings presented in Table 9 .
The estimation procedure follows the investigation into the return and volatility interactions to the equities traded in Dublin and to the ISEQ index. The results reinforce the findings for the interactions between the ISEQ and S&P indexes.
Strong mean and volatility spillover effects occur and their direction is from the ADRs to the Dublin market.
Insert Table 9 
Summary and conclusions
This paper examines bivariate relations for the Irish equity market with the US, UK and German markets. The long run relation between the markets was first determined using correlation analysis and cointegration techniques. The dynamic relationship between the markets was then profiled using forecast variance decomposition and impulse response analysis. The linkages between the markets were then analysed using multivariate GARCH techniques. Finally, a case study approach was adopted to determine the role of dual listing with ADRs on the time varying return and volatility linkages. Throughout our analysis, the impact of key economic and political events, namely the period pre and post ERM crises and the period after the introduction of the euro was examined.
Our main findings are that return interactions for the Irish equity market were strongest during the mid 1990s with the UK market having the dominant relation, and they were relatively weak for the other sub-periods. Thus, overall support for a long run relation, using cointegration techniques might be tenuous, and this might explain the inconsistent findings of previous studies. Variance decomposition findings indicate that the Irish equity market is heavily dependent on the activity of other markets, especially the US market. In addition, impulse response analysis of innovations indicates a rapid speed of transmission for the ISEQ that tapers off quickly.
Multivariate GARCH analysis points to significant return and volatility spillover effects to, but not from, the Irish equity market. These are strongest for the period post ERM crises and before the introduction of the euro, with the US and UK markets having a notable influence. The influence of the German market has risen over time, supporting greater integration of Eurozone markets. The role of dual listing for the return and spillover effects for the Irish equity market indicates a strong impact from US traded ADRs. These impacts are more pronounced than those emanating from our analysis using the indexes. Overall, our analysis demonstrates significant interactions of a direction and magnitude that are expected in the context of a small open economy. The critical values for the Augmented Dickey Fuller (ADF) and Phillips and Perron (PP) tests of the null hypothesis of a unit root are -3.12, -3.41 and -3.96 at the 10%, 5% and 1% levels of significance respectively. The critical values for the ADF test for the null hypothesis of no cointegration, are -2.5671 at the 10% level, -2.8621 and -3.4336 at the 5% and 1% levels respectively. The critical values for the Johansen and Juselius (JJ) trace and maximum maximum eigenvalue statistics are 13.33 at the 10% level, 15.41 and 20.04 at the 5% and 1% levels respectively. The symbol * indicates significance at the 5 percent level. Notes: Quasi-maximum likelihood estimation gives robust t-statistics for the BEKK model based on Bollerslev and Wooldridge (1992) standard errors. T-statistics for the model are given in (). Home (foreign) market effects are given by 11 (22). Cross market effects to (from) the home country are given by 21 (12). Ljung-Box statistics, Q (24) and Q 2 (24), are given for the home returns (ret) and residuals (res) series. 
Endnotes
1 This finding documented extensively has implications for equity pricing and asset allocation procedures (Longin and Solnik, 1995; DeSantis and Gerard, 1998; Ang and Bekaert, 2002) .
Traditional asset pricing models such as the Capital Asset Pricing Model (CAPM) need to incorpate the impact of international diversification and time-varying correlation features. Furthermore, asset allocation needs to be examined in the context of reduced benefits from international diversification. 2 Daily data is used to capture potential interactions, for example impulse responses, since a month or even a week may be long enough to obscure interactions that may last only a few days.
